Throughout the study period the weather remained mild. The surface of the two broads froze only rarely, the most extensive period being for ten days in December 1973. There was no development of a thermocline at either site.
METHODS
Sampling and sorting Before a full sampling programme was developed, the influence of the littoral zone on the diversity of the benthic fauna was examined at Alderfen Broad. A series of samples was taken at intervals of 1 m away from the reed-bed in October and December 1971 and in May 1972 . At distances greater than 1 m from the reed-bed the fauna was identical to that in the centre of the broad, the influence of the littoral vegetation on the fauna thus being very localized.
Sampling was conducted from a rowing-boat within the areas marked in Fig. 1 . The boat was allowed to drift with the wind across the area and samples were taken at regular intervals. The areas were traversed several times with different starting points on each sampling occasion. Samples were taken at the beginning of each month at Alderfen Broad from November 1971 to June 1975 inclusive. At Upton Broad samples were initially taken once every two months from November 1971, but the frequency was increased to monthly from March 1973 to June 1975 inclusive. All samples were taken between 08.00 hours and 11.00 hours.
Thirty samples were taken each month at Alderfen Broad and twenty samples at Upton Broad, using a circular FBA pond-net (8 meshes cm-1). The net was swept along the mud, with the bottoir edge at a depth of 12 cm. This could be gauged accurately in Upton Broad and in Alderfen Broad when the water was clear, but the depth was only approximate on days when turbid water prevailed at Alderfen. The net, full of mud, was brought carefully to the surface of the water. The mud was stirred and a 500-ml sub-sample was removed and placed in a polythene bag. During the growing season of Najas at Upton, those samples which contained large amounts of plant material were discarded before subsampling.
Sorting of samples began immediately on return to the laboratory. Samples kept overnight were stored in the dark at 5" C. Samples were passed through two sieves (500 pm and 250 pm aperture) using a gentle jet of water and the two retained fractions were washed into a white tray and sorted by hand, under strong illumination from bench lamps. All visible animals except copepods and cladocerans were removed. Worms and leeches were retained alive in dishes of filtered lake water, other animals were killed in 70/ alcohol.
To obtain an estimate of sampling efficiency and to calibrate the net samples in terms of area of lake bottom, ten Birge-Ekman grab samples (2-51) and ten net samples were taken at Alderfen and Upton in May 1972 . The contents of the grab were placed in a large polythene bag, stirred and a 500-ml subsample was removed. The net was subsampled as above. The subsamples and the remainders of the grab samples were sorted as described above for worms and chironomids. There was no significant difference between numbers of animals taken in the subsamples from the net and the grab. Neither was there any significant difference between the density of worms and chironomids in the subsamples with the remainder of the grab samples. It was therefore possible to convert the 500-ml net subsamples to an area basis knowing the surface area and volume of the grab. For animals other than worms and chironomids the conversion factor was assumed to be the same as that for chironomids.
A net was preferred to a grab for routine sampling because a grab was difficult to use from a small boat in the windy conditions prevalent in the area. The very fluid mud was also difficult to retain in a grab in a quantitative way. Grab sampling took some five times longer than net sampling.
Small worms and chironomids may not be retained efficiently in sieves (e.g. J6nasson 1955; Kajak 1963 ). To test the sorting efficiency for chironomids, ten samples were taken from Upton Broad in June 1974 at a time when it was known that a large number of small chironomids were present. Each sample was passed through sieves of 500 pm, 250 pm and 125 pm and the collected fractions were sorted separately. Of a total of 274 chironomids collected, 87% were retained in the 500-pm sieve, 11% in the 250-pm sieve and only 2% in the 125-pm sieve. The procedure was repeated for worms in August 1974 with ten samples collected from Alderfen Broad at a time when it was known that large numbers of small tubificid worms were present. Of a total of 192 worms collected, 82% were retained by the 500-pm sieve, 170 by the 250-pm sieve and only 1% by the 125-pm sieve. It was concluded that the method of sorting adopted in the routine sampling programme was adequate.
Mean monthly water temperatures were determined using Hartley integrating thermometers (Hartley & MacLaughlan 1969) permanently on site.
Biomass and respiration
For production estimates the lengths of all animals collected in samples were recorded from June 1973 to May 1975 inclusive. Worms and leeches were anaesthetized in menthol and the maximum length determined. The other animals, stored in alcohol, were measured within 48 h of sorting. For most species, the maximum length, excluding respiratory appendages, was measured. Caddis flies were removed from their cases. The maximum shell diameter was measured in Pisidium, Valvata and planorbids and the maximum shell height for Bithynia and Potamopyrgus.
To determine length: weight relationships, animals were collected from the field and kept in filtered lake water at 10" C for two days to allow them to empty their guts. They were then measured and dried to constant weight in a vacuum oven at 80? C. Weighings were made on a Cahn G-2 electrobalance.
Respiration/length relationships were determined at 20" C and 8? C. Animals were collected from the field and acclimatized at the experimental temperature for five days prior to an experiment. The experimental medium was water from Alderfen Broad. The water was filtered, autoclaved and refiltered on the day preceding an experiment and was re-aerated overnight. For experiments at 20? C animals were placed in 7.5-ml vials filled with water at 100% saturation and tightly stoppered. After a period of 6-24 h (depending on the size of the animal) the partial pressure of oxygen in the water of each vial was determined using a thermostatted oxygen-electrode system (Radiometer, Copenhagen) at 20? C, the sample being injected through a hypodermic syringe. At 8? C the oxygen electrode was found to be unresponsive. Respiration rates at 8? C were therefore determined using standard Warburg manometry. For small species the respiration rate of up to ten animals of similar size placed together in one vessel had to be determined. At the end of the experiments animals were measured as above.
RESULTS
It proved impossible to routinely identify a number of groups to species and these are recorded as groups, at different levels of identification, in the following tables. From November 1971 to June 1975 inclusive, twenty-two species or groups were recorded from Alderfen Broad, of which seven could be described as of regular occurrence. From Upton Broad, over the same period, forty species or groups were recorded, seventeen occurring regularly.
The authorities of those species recorded in the last two years of the study are given in Tables 6 and 7. Populations Turbellaria and Hirudinea. Mesostoma ehrenbergi, Polycelis tenuis and Planaria torva (Mill) were recorded occasionally in the benthos of Upton Broad, though all were common in the littoral zone at both sites.
Helobdella stagnalis in Upton Broad occurred in low numbers through most of the year, with an increase in population (max. 141 m-2) during the late spring and early summer. The species was sporadic in Alderfen Broad. Three other species of leeches (Piscicola geometra, Erpobdella octaculata and Glossiphonia complanata) were recorded in the benthos as vagrants. They were abundant in the littoral zone.
Oligochaeta. Very small numbers of Tubifex tubifex (Mull) and Rhyacodrilus coccineus (Vejdovsky) were recorded in the benthos of Alderfen Broad in the winter of 1971-72, but they subsequently disappeared, though they were still present in the littoral zone. The dominant oligochaete in Alderfen was Potamothrix hammoniensis. The population (Fig. 2) Through most of the year the population of Tanytarsus holochlorus in Upton Broad was very low (< 100 m-2) but it began to increase rapidly in May to reach an enormous peak in June (e.g. 130 000+76 000 m-2 in 1973, 84 270+31 440 m-2 in 1974) when the whole of the bottom of the broad was a mass of green tubes formed by the midge. The population declined in July, on emergence, and by August was back to its low level. During July, especially after heavy rain, the edges of the broad were covered with a thick scum composed of the corpses of adult Tanytarsus. As there were so few larvae in the mud during the winter and there was no large reservoir of the species in the littoral, the majority must have developed very rapidly from eggs hatched in May and June. It is conceivable that the few larvae present during the winter were of a different species of Tanytarsus, though adults were not successfully reared from winter larvae to confirm this. Table 2 .
Biomass, respiration and production For a number of uncommon species and for a few more common species which disappeared before measurements were made, the relationships between biomass, respiration and length were not determined. In these cases biomass and respiration was estimated from the relationships of the following species most similar in size and taxonomy October 1973 The relationships between dry weight and length were determined for twenty-six taxa (Table 3) . No relationships were found for ostracods and mites, so the following means Populations and production ofzoobenthos The relationships between respiration rates and length were determined for twentyone taxa at 8" C and 20? C (Table 4) . As the regressions were not significant for six taxa as either of these temperatures, means and 95% confidence limits were calculated (Table 5) (Tables 6 and 7 ) and the total monthly biomass (Table 8) . Estimates were also made of the mean annual respiration of each taxon (Tables 9 and 10) and the total monthly respiration for the two sites (Fig. 8) .
Annual production (Tables 9 and 10) was calculated from annual respiration using eqn (6) of McNeil & Lawton (1970).
Potamothrix hammoniensis, Chironomus plumosus and Tanypodinae accounted for most of the monthly biomass and respiration at Alderfen Broad. The biomass and respiration of these was markedly higher in the second year of the study. At Upton Broad chironomids were responsible for much of the monthly biomass and respiration. Tanytarsus holochlorus and Chironomus tentans showed an increase in biomass and respiration in year 2, but there was no increase in tanypods. Molluscs also formed a high proportion of the total biomass in Upton Broad, but they were less important in terms of respiration; biomass and respiration of molluscs was lower in year 2.
At Alderfen Broad (Table 8) Populations and production ofzoobenthos larger peak during the autumn. At Upton Broad (Table 8 ) the peak in biomass occurred in June and was largely due to Tanytarsus holochlorus. The monthly respiration (Fig. 8) showed similar patterns. At Alderfen Broad there was a peak in respiration in the summer, and another peak in the late autumn, the summer peak being larger in year I and much smaller in year 2. At Upton Broad the respiration was very low for most of the year but increased markedly during May to reach a very large peak in June, followed by a large decline in July to a low August level. The annual respiration was 3-5 times higher in year 2 than in year I at Alderfen Broad. In Upton Broad the respiration in year 2 was 2-8 times higher than in year 1. The annual production at Alderfen Broad amounted to 99 KJ m-2 in year I and 276 KJ m-2 in year 2 (an increase of 2-8 times). At Upton Broad the annual production was 130 KJ m-2 in year 1 and 273 KJ m-2 in year 2 (an increase of 2-1 times). The annual production was thus similar at the two sites.
In Alderfen Broad Potamothrix hammoniensis accounted for 74%0 and 78% of the total production in year 1 and year 2 respectively, and 22% and 18% was accounted for by Chironomus plumosus. In Upton Broad 540 and 700 of the total production was due to Tanytarsus holochlorus in the two years respectively. The proportion of the annual production of the zoobenthos due to predators was 3.2% and 3-1% in the two years at Alderfen Broad and 12-2% and 3-8% at Upton Broad.
Estimates of the overall P: B ratios were made by assuming an average energy value of 
DISCUSSION
The checks made on the sampling and sieving methods used in the present survey showed the methods to be very efficient, though it is likely that small animals were still being missed as small worms and first instar chironomid larvae appeared to be underrepresented in the samples. These losses, however, probably had little effect on the production estimates. Indeed, Maitland et al. (1972) found that, using a 500-pm sieve alone, the production of chironomids was underestimated by only 2.7%. The depth of sampling (12 cm) was also likely to have collected the majority of invertebrates (Kajak & Dusoge 1971).
Alderfen Broad and
The net samples failed to collect Anodonta cygnaea (L.), though they were observed in small numbers (approx 0-1 m 2) in both broads, especially in the sub-littoral. With its large size and long life the species may be important in the ecology of the broads even at low densities.
In the present study the respiration experiments all commenced with an oxygen saturation of 100/. The concentration of oxygen in the field could affect respiration rates. However, Berg, J6nasson & Ockelman (1962) examining a number of benthic species, found that oxygen tensions had little effect on respiration rates down to low levels, where a critical point was reached when oxygen consumption declined markedly. Platzer-Schultz (1970) made similar observations with Chironomus strenkei Fittkau. With shallow, turbulent, non-stratified waters, such low oxygen levels would only rarely occur in Alderfen Broad and probably never in Upton Broad.
Production was calculated from respiration using the regression equation derived by McNeil & Lawton (1970) . McLusky & McFarlane (1974) showed that production of chironomids determined in this way was similar to production calculated from Allen curves, though the production of the larger populations was consistently lower. If this is generally true the production values in the present study may be under estimates.
Twenty-two taxa of invertebrates were recorded in the benthos of Alderfen Broad and forty taxa in Upton Broad during the study. Only seven taxa could be described as of regular occurrence in Alderfen Broad compared with seventeen taxa in Upton Broad. The low diversity in Alderfen Broad was due to the absence of aquatic macrophytes; the littoral zone had a rich fauna (Mason & Bryant 1974) . The sediments of the broads, while being potentially rich in food, are very fluid and do not provide a stable substrate for oviposition. As described by Wortley (1974) macrophytes assume an exaggerated importance in the unstable, shifting mud of the broads. Wortley (1974) showed that gastropods in Upton Broad laid their eggs on Nojas marina and their breeding season was delayed to coincide with the late emergence of this plant. Furthermore artificial substrates (polypropylene ropes) were quickly colonized by many invertebrates when positioned in Alderfen Broad (Wortley 1974 ). The epiphytes of Najas and artificial substrates were grazed by young snails. Clearly macrophytes are extremely important in maintaining the diversity of the benthic fauna. Should macrophytes become reestablished, recolonization could take place rapidly from the littoral zone. Najas marina would have contained, from June to October, a fauna intimately related to the benthic community described in the present study. This would have led to an underestimate of the production of the macro-invertebrate community in the body of Upton Broad as a whole. Wortley (1974) studying mainly gastropods, showed that a maximum of only 9/ of the total biomass of Valvata piscinalis was present on Najas. Pulmonates, such as Planorbis albus occurred in greater numbers on the macrophyte. However, considering the short growing season of Najas, and the observation that the dominant producer (Tanyvtarsus holochlorus) was almost entirely benthic, the underestimate of production in Upton Broad was unlikely to be large.
Populations and production of individual groups
The peak in the population of Helobdella stagnalis in the summer at Upton Broad was similar to that described by Learner & Potter (1974a) for Eglwys Nunydd Reservoir, Wales, though their population was higher. Assuming an energy conversion factor of 22 KJ g-' the production of H. stagnalis in Eglwys Nunydd was 6-8 KJ m-2 and 26 1 KJ m-2 in two consecutive years, higher than the values of 1-7 KJ m-2 and 1.5 KJ m-2 recorded for Upton Broad. The P:B ratios, however, were similar, being 3-2 and 3-0 in Eglwys Nunydd and 2-7 and 3-1 in Upton Broad.
In the benthos of Alderfen Broad the population of Potamothrix hammoniensis showed a peak in summer, followed by a sharp decline, with usually a smaller peak in winter. In the final year of the study, however, the late summer decline was small and the population increased into the winter. A similar pattern with two peaks was recorded by gapkarev (1975) from Lake Dojran, Macedonia. The summer peak of small worms was most likely derived from cocoons produced in the spring, though J6nasson & Thorhauge (1972) suggested that worms in their first two years were lost through a 280 gm sieve. Recruitment to the population of P. hammoniensis in Alderfen Broad occurred through most of the year, but not in the coldest part of the winter. Thorhauge (1975) recorded cocoon production at temperatures of 4-5? C and above, which would accord with the prolonged breeding season at Alderfen. Cocoon production and embryo development is temperature dependent (Thorhauge 1975) , explaining the large input of small worms into the Alderfen population in summer.
The summer decline in the P. hammoniensis population in Alderfen Broad resulted in the loss of many of the adults. Jonasson & Thorhauge (1972) similarly found a loss of bred adults in the summer in Lake Esrom, Denmark. However, Thorhauge (1975) has recently observed that few worms died after breeding in the laboratory. The adult mortality may not be related directly to senescence but suggests a reduced ability to survive adverse environmental conditions after breeding, for example low oxygen tensions or hydrogen sulphide formation in the sediments. P. hammoniensis is well adapted to survive the brief periods of deoxygenation encountered in Alderfen Broad. Hydrogen sulphide may have been responsible for the observed mortality and the sediment in Alderfen Broad smelt very strongly of the gas in September 1973 at a time when the population crashed. Thorhauge (1975) (5) Production was higher at both sites in the second year. Biomass and community metabolism remained higher over the year at Alderfen Broad. At Upton Broad biomass and community metabolism was low for most of the year, but was very high from May to July.
(6) The significance of these patterns of production to the population of long-lived predators, especially fish, is discussed. It is suggested that a nutrient perturbation in the diverse but essentially fragile ecosystem of a shallow lake such as Upton Broad could result in accelerating eutrophication through positive feedback interactions in the community once environmental heterogeneity is reduced.
